Objective To investigate the potential relationship between body mass index (BMI) and the risk for myocardial infarction and coronary death in patients with type 1 diabetes. Methods We studied patients with type 1 diabetes included in the Swedish National Diabetes Registry during 2002-2004 and followed them until a discharge diagnosis for myocardial infarction, acute coronary event, death or until 31 December 2011. Cox regression was used to estimate relative risks. Results In 17 499 patients with type 1 diabetes (mean age 39.4 years; mean BMI 25.2 kg/m 2 ), 819 were diagnosed with myocardial infarction as a primary or secondary diagnosis during a mean follow-up of 8.5 years (maximum 9.9 years). Estimated with Cox regression, there was no significant effect of increased BMI on the risk of myocardial infarction (HR 1.4 (95% CI 0.7 to 2.5) in the group with BMI >35 kg/m 2 compared with BMI 18.5-25 kg/m 2 . There was no association between BMI and coronary mortality, acute coronary events or all-cause mortality after adjusting for other known risk factors. Underweight patients (BMI <18.5 kg/m 2 ) had increased hazard for coronary (HR 5.0 (95% CI 1.5 to 16.9)) and allcause mortality (HR 5.4 (95% CI 3.1 to 9.6)) compared with BMI 18.5-25 kg/m 2 .
Conclusions Among patients with type 1 diabetes, increased BMI is not a significant independent risk factor for myocardial infarction or coronary death after adjustment for other risk factors. Low BMI (less than 18.5 kg/m 2 ) is associated with mortality from coronary or any cause.
IntROduCtIOn
Cardiovascular disease (CVD) is a major cause of death and hospitalisation in Europe and other western countries.
1 Type 1 diabetes is associated with a substantial excess risk for CVD compared with patients without diabetes,. [2] [3] [4] [5] [6] Although mortality has decreased, substantial excess mortality still exists among patients with type 1 diabetes compared with controls, 7 and there is a strong association with glycaemic control. 8 9 Overweight and obesity are well-known risk factors for CVD in the general population. 10 Findings from previous studies on body mass index (BMI) and type 1 diabetes have been divergent. In the EURODIAB study, 11 BMI was not a significant risk factor for coronary heart disease (defined as physician diagnosis of either acute myocardial infarction (MI), angina pectoris or ECG abnormalities suggestive of probable ischemia), while two unadjusted analyses 12 13 found significantly higher mean baseline BMI among patients who subsequently developed CVD (non-fatal MI or stroke, death from CVD (MI or stroke), subclinical MI or angina pectoris, need for revascularisation with either angioplasty (percutaneous coronary intervention (PCI)) or coronary artery bypass grafting (CABG)). While a large meta-analysis of cause-specific mortality in the general population has shown increased mortality from ischaemic heart disease with increasing BMI, 14 studies in patients with CVD have shown a protective effect of increased body weight on cardiovascular death, known as
Key questions
What is already known about this subject?
Increased body mass index (BMI) has been shown to be a risk factor for cardiovascular disease in the general population. Patients with type 1 diabetes have a nearly fourfold risk. Among patients with type 1 diabetes, there is conflicting evidence about the influence of BMI on risk for myocardial infarction.
What does this study add?
This study shows that BMI may not be an important risk factor for myocardial infarction and coronary death for patients with type 1 diabetes but indicates an increased risk for both cardiac and overall mortality in the group with low BMI (<18.5 kg/m 2 ).
How might this impact on clinical practice?
Even if increased BMI does not lead to a higher risk for ischaemic heart disease, there is still a lot of evidence for weight control among persons with type 1 diabetes and especially underweight should be a warning sign for increased mortality. the 'obesity paradox'. 15 16 Recently, a large meta-analysis in the general population showed a direct relationship between BMI and all-cause mortality, in contrast to previous studies. 17 We previously found an increased risk for hospitalisation for heart failure 2 among patients with type 1 diabetes compared with the general population. Additionally, elevated BMI seems to be a strong risk factor for the development of heart failure among patients with type 1 diabetes. 18 Therefore, our primary objective was to determine the relationship between BMI and risk of MI and coronary death among patients with type 1 diabetes. Secondary objectives were to study the effect of BMI on major cardiac events and all-cause mortality.
ReseaRCH desIgn and MetHOds
We used a cohort based on data from the Swedish National Diabetes Registry (NDR), a quality assurance instrument in diabetes care with nationwide coverage for patients with diabetes over the age of 18 years. Patient data are continuously transmitted via electronic patient records from the clinic or registered directly online to the NDR. Each patient provides informed consent before inclusion. Data were linked to outcomes data from the Swedish hospital discharge and cause-specific death registries. Additional baseline information on level of education was collected through the Longitudinal Integration Database for Health Insurance and Labor Market Studies. 19 20 Our cohort from the NDR consisted of all patients registered between January 2002 and December 2004 with type 1 diabetes and with at least one BMI measurement. In the NDR, patients with type 1 diabetes were receiving treatment with insulin only and age of onset 30 years or younger; these sample characteristics have previously been validated to be correct for a diagnosis of type 1 diabetes in 97% of cases. 13 Our initial cohort consisted of 18 312 patients 18 years or older. We then excluded patients over 80 years (n=52) due to low estimated survival and potentially multiple causes of death in the death registries. After patients with previously known MI (ICD-10 (International classification of diseases, tenth revision) diagnosis of I20 or I21) were excluded (n=811), 17 449 patients remained. Study start was defined as the time of the patient's first registration in the NDR. The final study cohort consisted of 17 449 patients who were followed until a primary or secondary endpoint, death or 31 December 2011.
Primary endpoints were MI (defined as ICD-10 I21 in the Swedish hospital discharge and cause-specific death registries) and mortality from ischaemic heart disease (defined as I20-I25 in the cause-specific death registry). Secondary endpoints were any major coronary event (defined as I21 or I20-I25 together with an operation code for PCI or CABG in the discharge registry or I20-I25 in the cause-specific death registry) and total mortality (defined as any registration in the cause-specific death registry).
Variables assessed were age, sex, diabetes duration, BMI, HbA1c (glycated haemoglobin), blood pressure, low-density lipoprotein and high-density lipoprotein cholesterol, triglycerides, renal function (creatinine), microalbuminuria, macroalbuminuria, smoking, level of education and antihypertensive or lipid-lowering medication use. BMI was calculated as body weight in kilograms divided by height in m 2 .
statIstICal analysIs
The association between BMI and each endpoint was investigated using a separate proportional hazard regression model (Cox regression) for each endpoint. Several models were set up in a stepwise fashion adjusting for additional covariates in each step. Model 1 was adjusted for sex, age and diabetes duration. Model 2 was additionally adjusted for HbA1c, systolic and diastolic blood pressure and smoking. Model 3 was additionally adjusted for smoking, microalbuminuria and macroalbuminuria, lipid-lowering agents, blood pressure medications and level of education. Model 3 was the primary model. An additional model 4 was adjusted for the same covariates as model 3 but without macroalbuminuria and microalbuminuria and blood pressure. A separate analysis was performed to investigate the association between macroalbuminuria and BMI to analyse potential multicollinearity and overfitting.
The estimated HRs describe the relative risk increase of having a specific outcome in the patient population in each BMI group, with BMI 18.5-<25 kg/m 2 as the reference. For all models, the proportional hazards assumption was fulfilled.
For descriptive purposes, means with SDs are presented for continuous variables and numbers with percentages are presented for categorical variables
All calculations were performed with SAS V.9.4. . There were 819 (4.7%) MI events (ICD-10 I21, first registration after inclusion) during a follow-up of 10 years, 276 (1.6%) deaths from ischaemic heart disease (I20-I25) and 1261 (7.2%) deaths. Baseline data for all groups are presented in table 1, and all events are summarised and presented by BMI group in table 2.
Results

Among
In model 1 (adjusted for sex, age and diabetes duration), there was an increase in risk for MI at all levels of overweight and obesity (BMI >25 kg/m 2 ) (HR 1.21-1.71) but not for mortality in ischaemic heart disease, where instead there was a significant increase in risk in the underweight group (BMI <18.5 kg/m 2 ) (HR 3.30, 95% CI 1.7-6.3). When additionally adjusted for HbA1c, blood pressure and smoking (model 2), the risk increase for MI disappeared in all groups except that with BMI >35 kg/m 2 who still had a significantly increased risk Baseline macroalbuminuria was a significant risk factor for all outcomes, with unadjusted HR ranging from 1.65 to 3.17, whereas microalbuminuria showed no significant relationship for any event. No relationship between BMI and macroalbuminuria at baseline existed (correlation coefficient 0.02). In model 4, which excluded renal complications and blood pressure, results were consistent with model 3. Figure 2 HR for any coronary event. Model 1 is adjusted for sex, age and diabetes duration. Model 2 is adjusted for sex, age, diabetes duration HbA1c, blood pressure (both diastolic and systolic) and smoking. Model 3 is adjusted for sex, age, diabetes duration, HbA1c, blood pressure (both diastolic and systolic), smoking, microalbuminuria and macroalbuminuria, lipid-lowering agents, blood pressure medications and level of education. Model 4 is adjusted for sex, age, diabetes duration, HbA1c, smoking, lipid-lowering agents, blood pressure medications and level of education. BMI, body mass index. LCL (95% Lower confidence limit) UCL (95% Upper confidence limit) Figure 3 HR for mortality in ischemic heart disease. Model 1 is adjusted for sex, age and diabetes duration. Model 2 is adjusted for sex, age, diabetes duration HbA1c, blood pressure (both diastolic and systolic) and smoking. Model 3 is adjusted for sex, age, diabetes duration, HbA1c, blood pressure (both diastolic and systolic), smoking, microalbuminuria and macroalbuminuria, lipid-lowering agents, blood pressure medications and level of education. Model 4 is adjusted for sex, age, diabetes duration, HbA1c, smoking, lipid-lowering agents, blood pressure medications and level of education. BMI, body mass index. LCL (95% Lower confidence limit) UCL (95% Upper confidence limit) Figure 4 HR for total mortality. Model 1 is adjusted for sex, age and diabetes duration. Model 2 is adjusted for sex, age, diabetes duration HbA1c, blood pressure (both diastolic and systolic) and smoking. Model 3 is adjusted for sex, age, diabetes duration, HbA1c, blood pressure (both diastolic and systolic), smoking, microalbuminuria and macroalbuminuria, lipid-lowering agents, blood pressure medications and level of education. Model 4 is adjusted for sex, age, diabetes duration, HbA1c, smoking, lipid-lowering agents, blood pressure medications and level of education. BMI, body mass index. LCL (95% Lower confidence limit) UCL (95% Upper confidence limit)
dIsCussIOn In this population-based study of 17 436 patients with type 1 diabetes, BMI had no independent impact on the risk for MI or major coronary events, but there was a statistically significant increase in risk for death due to either cardiovascular or all causes in the group with low BMI <18.5 kg/m 2 compared with normal weight (BMI 18.5-25 kg/m 2 ). A previous meta-analysis based on many general population cohorts 21 showed a statistically significant HR for BMI as a risk factor for coronary heart disease only in patients with BMI over 30 kg/m 2 in a model adjusted for blood pressure, lipids and diabetes. Other studies on obesity and all-cause mortality have shown J-shaped or U-shaped relationships in both type 1 diabetes and the general population, 22 23 with increased mortality in the underweight group. The obesity paradox, referring to a protective effect with overweight and moderate obesity, may be an explanation for decreased total mortality in the group with BMI 25-30 kg/m 2 . The reason for this effect seen in many different diseases is still under discussion 15 but may be related to the endocrine effect of adipose tissue.
The mechanism behind the increased risk of CVD among patients with type 1 diabetes is most likely multifactorial. Several different mechanisms have been proposed. 24 Among these are oxidative stress from hyperglycaemia and cardiac autonomic neuropathy. We have previously shown that both heart failure 2 and MI 6 are substantially more common in patients with type 1 diabetes than the general population of a similar magnitude with an excess risk of around 4. Increased BMI has been shown to be a strong risk factor for development of heart failure, 18 with a 50% risk increase in obesity (BMI 30-35 kg/m 2 ). According to our results, obesity does not seem to have the same effect on coronary disease, implying there may be different mechanisms involved in the development of heart failure and coronary disease. In the development of heart failure, glucose toxicity (indicated by a risk increase with higher levels of HbA1c) seems to be an important risk factor, with a risk increase of 1.26-3.98 with increasing updated mean HbA1c. 25 A possible mechanism may be that higher BMI changes glucose metabolism in a negative way increasing toxic effects on the cardiomyocyte. This mechanism is probably not present in coronary disease, as we did not see a strong relation between increased risk for MI and BMI.
A clear excess risk of mortality still exists in patients with type 1 diabetes compared with the general population, 7 where high HbA1c and renal complications have been strong risk factors. One essential aim of diabetes care is to continue lowering this excess risk to that of the general population. Although the current data are observational and should be interpreted with caution, they indicate that overweight and obesity are not the main factors driving excess mortality. However, low BMI (<18.5 kg/m 2 ) was a risk factor. This may indicate that these patients have other comorbidities or risk factors not possible to control for here rather than that low BMI per se leads to high risk. In any case, clinicians should be aware that low BMI is a risk factor for mortality.
Even if drawing conclusions regarding causality from observational data may be problematic, our results imply that there are different pathways for the increased risk of developing coronary heart disease and heart failure. One could speculate that while BMI is still an important risk factor for coronary heart disease among patients without type 1 diabetes, the mechanism may be similar to the effects of type 1 diabetes on the coronary arteries and, therefore, not additive among patients with type 1 diabetes. Maintaining a healthy weight among patients with type 1 diabetes should still be a priority; however, obesity is still an important risk factor for many other diseases and generally increases insulin resistance, something that makes it harder for persons with type 1 diabetes to adjust their insulin dosing.
Strengths of this study include a relatively large and unselected population with type 1 diabetes and adjustment for many variables such as diabetes duration and level of education. Limitations include the reliance on hospital discharge data and the cause-specific death registry for all endpoints. However, acute MI has been validated in the hospital discharge registry 26 with a validity of 91%, while the validity of diagnoses in the cause specific death registry is less. Johansson et al 27 found an agreement of 83% between last main diagnosis and cause of death in hospitals but only 43% agreement in non-hospital deaths. Additionally, since our study was observational, it is not possible to draw causal conclusions.
In conclusion, BMI did not seem to have any impact on risk of MI in this group of persons with type 1 diabetes, possibly due to treatment of secondary risk factors such as hypertension and lipid abnormalities. The different effect of BMI on the risk of developing ischaemic heart disease compared with heart failure in a similar population suggests different mechanisms behind the diseases. Even if we did not observe an increased risk for CVD, there is still an important role for weight management in type 1 diabetes, as obesity increases both insulin resistance 28 and risk of heart failure. 18 acknowledgements We want to thank all data collecting clinicians and staff at the National Diabetes Registry. Editorial assistance was provided by Joseph W Murphy.
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